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Modeling the Influence of Restoration Scenarios on Channel and Floodplain
Morphology in the Sacramento River Basin

EXECUTIVE SUMMARY

Riparian habitats are defined by configurations of stored sediment that define channel and
[loodplain morphology. This topographic complexity in the riparian corridor depends on hydrology,
sediment transport, boundary conditions, and history of channel change. In order Lo aid in hahitat
resloration elforts we propose to research the influence of these factors on river channel and floadplain
morphology in the Sacramento River valley. We will investigate the relative effects of the following
Ecosystem Restoration Program (ERP) resloration strategies on channel and floodplain evolution:
streamdtlow alterations, changes in sediment supply, and channel modifications. We will develop a
predictive model for decision-makers attempting to approximate the “natural” ard other potential states of
the river systermn under dilferent restoration scenarios.

Scope of Work

‘The CALFED ERP document [ERP, Vol 1, p.42-43] stales the intention of manipulating flows,
sediment supplies, and boundary conditions {e.g. levees) in order to alter the form and hydrologic regime
of channels and near-channel wetlands. Yet there is no available model of morphological process that
would allow predictions of such responses to be made for long reaches of mainstem riverts, and of how a
change in any of the manipulaled laclors would be expected to influence habitat conditions.

We propose to construct a mathematical model of sediment routing in the channel and floodplain
of the mainstem Sacramento River that would provide the predictive capability necessary for analyzing
management allernatives. It will be our goal to model the manipulable and the uncontrollable influences
on the sediment budget and their consequences for habitat creation and evolution.

Research (Juestions

As CALFED embarks upon a program ot significant riparian-zone manageiment, it becomes
important to understand the fluxes which govern channel and floodplain morphelogy. We would utilize
this opportunity to investigate the following questions. ow have sediment and hydrologic flux varied in
the past and what were the resulting morphological changes? How will restoration mcasures involving
flow modification, changes in sediment supply, and channel alteration affect channel and floodplain
morphology? How will changes in local channel and floodplain morphology affect the evolution of
“restored” valley floors?

Approach ,

Our appreach involves compilation and interpretation of sediment transport and assimilation of
these data into a model for prediction and analysis of future scenarios. We are currently working to
quantify empirical relationships between fluxes of water and sediment, chaanel and floodplain forming
processes, and resultant form of river channels and loodplains within the Sacramento basin. These
historical relationships will be used to develop a river adjustment modcl, which will be validated against
separately-collected empirical data. There exists a long historical record of measurements of sediment
concentration and streamflow throughout the basin and a long historical record of perturbations to the
systettl. Yet, there are no comprehensive, quantitative process studies of hydrology and sediment
transport as they relate to resultant channel changes in the Sacramento basin. Our aim is to construct a
supply-process-form model with a minimwim amount of calibration that could be applied to any large
Iowland river system to predict river adjustment under different land-use scenarios.

To develop this model we will evaluate the sediment mass balance of the Sacramento River basin
1o gain insight into the fluvial processes of the river system and to identify areas of morphological
adjustment. This empirical investigation will provide relationships to be used as supply inputs for
modeling sediment routing and long-term average sediment transport rates with which to validate our
model. Sinee a large lowland river basin such as the Sacramento has sediment transport processes that
operate on different spatial scales, we will develop a stochastic model with two spatial components: a
basin-scale sediment routing component coupled with a reach-scale routing component. Model output
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will predict reach-scale channel and floodplain morphology in the form of probabilities. For example, a
change in sediment supply stemming from a particular management strategy could he modeled to obtain
maoded results in the form of probabilistic stalemenls about a particular reach of river being in a particular
state. Thus habitat and flood control strategies can be prioritized based on the model’s output. We have
alrcady begun some of this work with the resources supplied by UC Santz Barbara, and with data and
advice from the Army Corps of Engincers and US Geological Survey,
Ecological Objectives

The TIRP [ERP, Vol.1, p.29} suggests that prospective lands be identified and designated for
particular target species habitat restoration. However, identifying. classifying, acquiring, and slating
lands for restoration based on current states of physical form can belie transient stales of u system [Chang,
1988; Koudolf, 1995b]. Tt is qualitatively well known that morphological change results from imbalances
between erosion and deposition. However, in order 1o understand and predict the circumstances under
which large-scale flooding will occur or specific habitat will be: affected, it is necessary to obtain a
system-wide perspective of a river basin and to gather information on the variable processes of material
ransport within a river. For example, desired backwater channel habitat for a particular target species
may only exist during floods of 4 certain magnitude or in an area and time of sediment deposition.
Determinations of suitable habitat founded on rodimentary land classification without knowledge of
processes which create the form often lead to failure of the restoration cffort [Kondolf, 1995b]. In the
Sacramento River basin, we see the opportunity for a study which would model the processes and
variabilily inherent in a large river valley at the appropriate scales of interest and thus provide the
underpinnings for a systematic approach ta present and {ulure restoration activities.

Such a model could be used by CALFED to target resioration policy by identifying which
restorative strategies are appropriate for different reaches in the basin. By quantifying change in

“morphology and flood conveyance capacity, it would allow CALIED to strike a balance between

seemingly opposing goals of flood control and habital restoration. As such, our medel would provide a
unifying restoration framework upon which the various CALFED agencies could achieve stated ERP
goals in syrnchronicity and with complementary strategies. In focusing attention and understanding on
reaches that undergoe morphological change, the modeling effort would interface with higher-resolution
modeling studies of channel shifting (Larscn and Mount, UC Davis) and with field measurement
programs of bedform transport and channet change [Dinehart, pers. comm)]. Such collaboration of
sediment accounting and modeling studies across scales could unify understanding of basin-scale and
within-reach scale processes of sedimentation and habitat change in the Sacramento River basin. We
have already confirmed such a medet’s uscfulness with the US Geological Survey Water Resources
Division-Sacramento and the US Army Corps of Engineers-Sacramento.
Qualifications

We huve experience with large rivers, system perturbations, and sediment variability models.
Dunne and colleagues. have conducted a study of the channel-{loodplain sediment budget of a 2500 km
reach of the Amazon River and the associated geological and hydrological controls and morphological
results [Dunne et al, 1998; Meade, 1985; Meries et al., 1996; Durne et al., 1998). They continue to
study and model the supply of sediment to the Amazon trom the Andes Range [Aalto and Dunne, 1996]
and the flow regimes of the entire Amazon River basin with a combination of computer simulatien and
sutellile remote senging under NASA’s Earth Observing System program. For the Paraguay-Parand River
systern in South America, we conducted an Environmental Delense Fund review of the hydraulic and
sedimentation aspects of the propoesed channelization project, Hidrovia. In the Pacific Northwest, Dunng
and colleagnes have conducted a number of studies of sediment supply and channel change [Collins and
Dunne, 1990, Collins and Dunne, 1989; Lehre er al., 1983]. And in the Oregon Coast Range we have
constiucted stochastic models of sediment supply and transport, which provide insight into variability in
sediment regime {Benda and Dunne, 1997a; Benda and Dunne, 1997b], We intend to combine these
experiences in field investigation, data analysis, and model development in the Sacramento River basin.
The cost will be $408,409,
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PROJECT DESCRITTION

We propose to assist CALFED in evaluating propused restoration strategies such as manipulating
flows, sediment supplies, and boundary conditions (e.g. setting back levees) in order to alter the torm and
hydrologic regime of channcls and near-channel wetlands. 'We will construct a mathematical model of
the channel and floodplain of the mainstcm Sacramento River that would provide the predictive
capability necessary for analyzing the effects of such restoration strategies. We will model the
manipulable and the uncentrollable influences on the sediment budget and their consequences for habitat
restoration.

We will study the Sacramento River and its floodplain as a single unit constructed of interacting
reaches in order to quantify basin-scale cumulative response to change. We will quantify the inherent
variability in historical empirical data by developing relationships between streamflow, sediment
trunsport, and resultant form of nver channels and floodplains along the Sacramento mainstem. These
relationships will be used to develop a model of river adjustment processes, which will be validated
against new measurements from the Sacramento basin. The model output will-deseribe channel and
floodplain morphology resulting from streamflow modification, changes in sediment supply, and channel
alleration. It could be applied by land managers to anticipate the morphological outcome of particular
restoration strategies and thus, their effect on channel and floodplain habitats spatially over basin and
reach scales and temporally over decades. ‘

Gengraphical Location

The Sacramento River drains the northern part of the Central Valley of Cahfol nia (Figure 1) and
has a total drainage area of 6.8 x 10% km? , comprising over one half of the total drainage area into the San
Francisco Bay system [Porterfield, 1980]. This study is focused on the Sacramento River Ecological
Management Zone [ERP, Vol. 2, p. 159 & ERP Figure 8]. The study arca includes portions of the
following counties: Shasta, Tehama, Glenn, Buite, Coliusa, Sutter, Yolo, Sacramento, and Solano. It is
appticable to the mainstem Sacramento River and its floodplain south of Shasta Dam in the north to the
city of Sacramento in the south. Channel and floodplain dynamics in the tributaries will be excluded from
the study, but we will account for their inputs of water and sediment. The Bay-Delta itself will not be
studied explicitly though we will determine the long-term rates of sediment delivery to the tidally-affected
delta as a result of land-use changes stemming from CALFED management scenarios. The model
developed in this research will be extendable to the San Joaguin River and other lowland river systems.
(General Approach

We are investigating the processes of morphological adjustment within the Sacramento River
basin at various scales of interest. Our aim is to imderstund these processes on a temporal and spatiat
scale appropriate for designing restoration strategies (i.e. decades and river reaches, respectively), while
maintaining fidelity to the processes of the basin-scale fluvial system. Our approach may be broken down
into two distinct tasks: 1) empirical characterization of streamflow, sediment transport, and resultant
channel and floodplain morphology and 2) development of a sediment routing medel with coupled basin
scale and reach-scale components. The output of the coupled model will predict reach-scale
morphological adjustment under different management scenarios and stochastic flow regimes.

Empirical Characterization

Kondolf, et al. (1996) recommend that design of channel modification projects be based on "sound
understanding of the site’s larger geomorphic context, which requires a historical geomorphic study, and
analysis of potential sediment transport at a site.” We will reconstruct morphological change on the
Sacramento River by evaluating the sediment budget over the last 50 years and comparing the results with
the past and current morphological condition of the river, as wecll as with other regional empirical studies
on the Sacramento [Brice, 1977; Buer, 1994; Clements, 1979; Harvey et al., 1988; Jones et al., 1972,
USACE, 1983]. Quauntifying sediment supply within a river system requires construction of a sediment
budget or a mass balance of sediment, which will enable land managers to anticipate long-term localities
of sediment deposition, storage residence times, and modes of re-mobilization [Reid and Dunne, 1996].

A sediment budget involves accounting for all major sediment sources, storage sites, and sinks within a
river basin, all of which can vary in time and space. For the case of a large alluvial river, it accounts for
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rates and processes of erosion and sediment transport within the river and its floodplain. Although
sediment budgets have been more commonly applied in small river basins, there have been
approximations for large basins that highlight important areas and processes of bank erosion or deposition
in the system of sediment transport [Dunne et al., 1998; Kesel et al., 1992; Reid and Dunne, 1996).

© We have already begun to improve on a previous sediment budget study | USACE, 1983] by
extending the statistical analysis of sediment transport records (USGS) to calculate long-term average
sediment discharge rates into the Sacramento River from its tributaries, as well as rates of sediment
discharge through mainstem reaches. In accounting for variability inherent in the fluvial system, a time
scrics analysis approach will be employed to quantify the relationships between streamflow and sediment
flux for each gauging station (i.e. those of (ributaries near their confluence with the Sacramento and those
on the mainstem itself). A time series approach has been advocated [Fitzgerald and Karlinger, 1983;
Goodwin and Denton, 1991; Lemke, 1991; Rodriguez-lturbe and Nordin, 1968; Sharma et al., 1979] as an
improved statistical methodology that addresses many of the inadequacies of commonly used sediment
rating curves [Ferguson, 1986; Heidel, 1956; Walling, 1977]. Time-series transfer functions are superior
for describing the relationship between these variables, because they regard time as the crucial domain
varigble over which hydrolegic and sediment variables are serially cross-cormrelated.

The time-series approach will proceed as follows. The Sacramento basin will be divided into four
geologic units (Figure 1) with different sediment/water discharge relationships due to distinct geological
substrate properties. Within each geologic unit one gauging station will be designated as a "signature”
station, or one that best represents the sediment discharge response to stream discharge over the long term
{i.e. usually the station with the longest record for both variables). A transfer function that describes the
correlation of the two variables over time will be estimated for each "signature” station (a total-of 4,
corresponding to the 4 geologic units). The Box-Jenkins transfer function wiil be employed in 2 commen
structure [Vanduele, 1983]. Assuming that the sediment record at the "signature” station has captured the
range of variability in the sediment signal over the lang term, sediment discharge will be estimated for the
length of the hydrologic record. This same transfer function.will then be applied to the hydrologic record
of cach remaining gauging station within'a geologic unit to 1) validate its utility as a predictor of sediment

- discharge based on stream discharge and 2).to extend historically short sediment records over the domain
of the hydrologic record. For example, a transfer function for a "signature” station with 50:years of
hydrologic data and 20 years of sediment data may be used to extend its own sediment record from 20
years to 30 years, and that of a separate station within the same geologic unit from 3 years to 50 years
(assuming that hydrologic data exists for 50 years at this latter station). Using this method, long-term
average sediment discharge from tributary basins can be calculated. For a tributary. with no hydrologic
data record, its nearest neighbor scaled by drainage area will be used ta estimate long-term average
sediment discharge. The same techniques will be used to calculate long-term average flux of suspended
sediment through mainstem Sacramento River reaches, However, the mainstem flux calculations will
also include output sediment fluxes (some sampled, some simulated) at water diversion canals which
decant suspended sediment out of the Sacramento River.

Having evaluated the suspended sediment component of the mass balance, we will thcn assess the
mainstem bedload transport by using averages of sampled values and subtracting quantities extracted by
gravel harvest and dredging (obtained from engineering and mining records). We will also conduct a

- mauinslem field survey of the grain size composition of bed and bank materials and assess the general
floodplain topography (Figure 2} using USACE data to obtain model inputs and boundary conditions. We
will be able to adjust the time series models and bedload assessments to account for long-lerm changes in
the discharge-concentration relationships stemming from land-use change and channel modifications,
respectively. We will combine the results of the suspended sediment budget with the hedload :
assessments to determine zones of long-term deposition or erosion. We will compare these zones with
past and currcnt morphelogical condition of river reaches using aerial photographs and 2-foot vertical
resolution DEMs (USACE). This excreise will; 1) establish relationships between stream discharge and
sediment discharge that will serve as supply inputs for sediment routing modeling, 2) provide bedload
transport rates, as well as grain sizes of both the bed and banks of the Sacramento River for physical
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model input, 3) generate testable hypotheses on spatial patterns and processes of erosion and deposition in
the mainstermn Sacramento, and 4) provide long-term average sediment discharge rates from all tributary
sources and resultant morphological form to be used in validating the routing model.

Sediment Routing Model

We will relate the empirical sediment budget results to flow volumes, channel hydraulics, and
other controls on the mainstem Sacramento River by assimilating the sediment transport measurements,
river profiles, grain size data, roughness characteristics, and hydrologic time serics into a physically-based
sediment routing model. The model will test the influence of restoration strategies on fluvial processes
including bank erosion, overbank flooding and deposition, bar deposition, and flushing of fine sediments.
We will improve on past routing modeling effoits by coupling two separate routing components of
different spatial scales. The basin-seale component will conduct down-valley routing of water and
sediment over the entire Sacramento mainstem (within the study arca) and will compute changes in
sediment storage volume for entire river reaches and contiguous floodplains. This component’s output
will be fed to the reach-scale component, which will distribute volumetric change in sediment across
individual river reaches in order to detcrmine resultant morphological change (Figure 3 depicts conceptual
routing model). For the basin-scale component, we will evalyate and choose the best of a number of total
load transport models according to a well-document procedure [Reid and Dunne, 1996]. The chosen
mode] will be parameterized with surveyed grain size measurements, river cross-sections, and roughness
values (for both channel and floodplain). For the reach-scale component, we will utilize a routing model
that has the capacity for bank erosion and bar deposition (e.g. FLUVIAL-12). This component will be
additionally parameterized with higher resolution cross-sections highlighting, bedforms, bank curvature,
and floodplain heterogeneity (Figure 2).

Sediment routing models are sets of equations descrlbm g: conservation of mass (water and :
sediment};, conservation of momentum (water); sediment transport; and change in channel width [Dawdy
and Vanoni, 1986]. Additionally, in the development of such a medel for a large lowland alluvial basin,
we . must account for: 1) the stochastic nature of floods required to transport both bedlnad and suspended
sediments 2) overbank inundation and sediment deposition. To represent the stochastic nature of hasin
hydrology and to predict future conditions, flood cvents that drive both model components: will be chosen
at random from constructed probability distributions of recorded hydrologic events at tributary: junctions.
Sediment input at each junction will be determined from empirical transfer functions that relate hydrology
to sediment fluxes. By utilizing the historical flow record for the Sacramento basin in a Monte Carlo
simulation we cnsure that modeling resulis will predict resultant morphology-cast in the form of
probability distributions, which quantify fluvial system variability. To modcl overbank flooding and
vertical sediment accretion, standard sediment routing models (e.g. HEC-6) must be adapted by including
the capacity for overbank deposition of sediments [Gee et al., 1990; Nicholas and Walling, 1997].

The cntire model will be driven by historical records of flow using older cross-sections and
validated against recently-collected morphological data (USACE) before it is employed for prediction. In
predictive mode, the mode! will be driven by a random selection of flood events at each time step. We
will adjust model inputs and boundary conditions on the reach-scale to reflect implementation of
restoration strategies (i.e. changes in flow, sediment supply, and channel alteration). Multiple model runs
over a period of decades will provide probabilistic statements of resultant channel and floodplain
morphelogy at the reach- and basin-scales. For example, the model might predict that setting back levees
in a particular reach will have a 60% chance of increasing channcl mlgrauon over 3mfyrora 30% chance
of building a bar over 0.5 m/yr in that reach.

The purpose of this modeling effort is to provide a physically sound explanation of empirical
measurements and to generalize from the recorded data to a broader range of environmental scenarios, A
mathematical model would allow us to quantify the probable effect of alterations of flow regime,
changes in sediment supply, or channel modification on sediment transport processes within
particular reaches and within the basin as a whele. 1t wiil allow policymakers to anticipate resultant
morphological conditions relevant to habitat restoration and flood control strategies such as restoration of
“natural” valley streamflow regimes, gravel [eeding below dams, or setback levees [ERP, Vol 1, p.42-43].
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ECOLOGICAL BENEFITS

This century has wilnessed numerous examples of river adjustment to anthropogenic
perturbations. River adjustment to pertuwrbations such as dams, levecs, and mining have serious ecological
implications in bath aquatic and terrestrial environments. However, there have been no atiempts at
constiucting a scientific model which accurately represents such adjustments over large river basins.
Consequently, most assessments of river adjustment are made after the fact and involve anecdotal
interpretations (c.g. Schumm and Winkley, 1994, “The Variability of Large Alluvial Rivers™). Te fill this
gap, we will develop a predictive model of river adjustment based on data from the Sacramento River
basin in Californta. The research will help to answer the following questions.

*What does empitical evidence tell us about changes in sediment and hydrologic flux regimes in

the past and what were the resulting morphological changes?

«How will restoration measures involving changes in flow modification, changes in sediment

supply, and channel altcration affect channel and floodplain morphology? .

*How will changes in local channel and floodplain morphology affcct the evolution of “restored”

valley floors?
Background

Since the discovery of gold in the Sierra Nevada 150 years ago, the Sacramento Rlver valley has
been drastically transformed by agriculture and human settlement, and hence, by radical tlaod control
policies intended to ensure the survival of these floodplain activities. After decades of trial-and-error
Tlood-control policy on the part of the state and valley residents, the federal government finally committed
itself to a unified basin-scale flood contrel policy. The pelicy (still in effect) is based on conveying water
and sediment as ctficiently as possible through the mainstem Sacramento River, using straightened
channels and high levees built npon protected river bunks to prevent overbank flooding and bank erosion
and therefore, lateral channel migration. . To relieve pressure on the channel banks and mitigate flood
hazard potential, water is impounded behind dams and pumped into flood bypass channels constructed in
existing lowland flood basins. The region is now riddled with dams, levees, dikes, and gravel mining
operations, which affect the geomorphic character of the river and its floodplain, consequently affecting
fish and wildlife habitat, as weil as the ability of the river system to naturally attenuate flood events.
Although flood hazards and flood damage may have been reduced as a result of damming, channelization,
and bank protection on the Sacramento River, the increused flood control has come at the expense of
natural bar and riffle formatien, thus disrupting a crucial component of riverine ecosystem habitat (Figure
4) [ERP, Vol.1, p. 29-30]. Our river adjustment model will cnable land ]’l'ldl’ld!.;ﬂrs to 1mp]ement
restoration strategies aimed at improving such habitat.

Ecological Implications _

The Sacrzmenlo River provides important spawning, rearing, and migratory habitat to anadromous
fish populations including chinock salmon {fall and spring runs), splittail, steelhead, white sturgeon, green
sturgeon, striped bass, and American shad [£RP, Vol.2, p. 165]. The reduction of bars, riffles, and other
morphological features within the river channel has hampered saimon spawning runs and movement of
other specics by reducing resting habitat for fish on their upstream journey. The in-channel ecosystern
has been further disrupted by the elimination of upstream and bank eresion sediment sources, thereby
preventing replenishment of gravels vital tor spawning [Buer, 1985; Reeves and Roelofs, 1982].
Additionally impoundments dampen flood peaks preventing flushing flows necessary for removing fine
accumulations of sediment from spawning gravels [Milhows, 1998). Channelization has also resulted in
the loss of side-chanmnel habitat required by more sedentary species and wintering salmon {as well us a
loss of terrestrial riparian vegetation and the species it supports) (Figure 4). The Central Valley Project
Improvement Act (CVPLA) and its Anadramous Fish Restoration Program (AFRP) call for restoring fish
habitats and eliminating stressors by implementing strategies including alteration of flow and sediment
supplies, and physical modification of river channels { Kondolf et al., 1996). Furthermore, one of the
fundamental Strategic Ecosystem Goals of CALFED is to rehabilitate natural process in the Bay-Delta
system [ERP, Vol. 1, p.1]. Such a restorative effort requires a system-wide view of the river's channel
and floodplain morphology and the processes involved in shaping it over a time scale of decades.
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System-Wide View

The morphology of a river is determined by the interaction of water and sediment within as it
flows within a channel network. The river deposits and re-mobilizcs the sediment along its valley floor.
Where the river lies entirely within its own mobile alluvium, it is classified as an alluvial river, and oflten
obeys cerlain regularities of form and behavior that allow morphological prediction [Leapold et al., 1964,
Schumm, 1977]. Fluvial landforms contain information on the depositional and erusional activities of the
river, as it continually adjusts to the variable amnounts of water and sediment that enter its channel
network. [t is the spatial and temporal variability of these landforms through the flavial system which
determines the potential flood conveyance capacity, stability of natural and engineered river courses, and
the complexity of river channel and riparian habitat [Dhme, 1988; Kondolf, 1995a; Kondaolf, 1995b,
Kondolf and Wolmean, 1993). These land[orms detcrmine riverine habitat as the fluvial system adjusts to
restoration strategies involving major system alterations [ERP, Vol. 1, p. 6].

The fluvial system can be divided into three distinct zones: the production zone, the transport
sone, and the deposition zone [Schumm, 1977}, each of which functions ditferently in terms of its net
transport of materials and thus, its erosional and depositional processes. All zones in the fluvial system
are linked. That is, deposition or erosion in one reach of a fluvial zone will affect transport in adjacent
zones both upstrearn and downstream. These adjacent reaches will in turn, affect material transport in
their adjacent reaches, and even far downstream. It is apparent that research on material transport
processes on the scale of one parlicular reach cannot represent the fluvial system as a whole, becanse it
does not evaluate feedbacks in material transport between river reaches, including effects far downstream.
This spatial variability of transport must be considered along with the tcmporal varisbility associated with
lags between peaks in flow and sediment transport [Lemke, 1991; Marcus, 1989] and floodplain siorage
and remobilization [Dieirich, 1982; Dunne et al., 1998]. Restoration strategies must be designed to cope
with the dynamic nature of hydrologic and geomorphic processes [ERP, Vol. |, p.5]. A basin-scale study
of spatial and temporal regime variability will foster a proccss-based understanding of material transport
and resultant morphology within the fluvial system.

Regime Variability

Several major variables govern the spatial and temporal variability of alluvml Tiver mcrphology
and behavior [Schumm and Winkley, 1994]. The most important of these are the coupled variables of
streamflow and sediment discharge, which depend on drainage basin characteristics and land-use.
Sediment supply to an altuvial river is driven stochastically by rainstorms, which affect streamflow,
sediment iransperl and thus, the intensity of erosional and depositional activities within a river system
[Benda and Dunne, 1997b; Schumm, 1977). Therc have been recent efforts to characterize the dynamic
sediment regime of a river system in terms of its statistical properties. This is accomplished by
computing the probability of the transport system being in any of various states [Benda and Dunne,
1997a] based on historical changes in observed sediment transport data [Lemke, 19911, Sucha
characterization would allow one to design restoration sirategics that represent the fluctuations in the
transport system over time [£RP, Vol.1, p.50] or that allow prediction of the temporal and spatial
variability of current and restored habitat. Qur modeling approach uses time series analysis and Monte
Carlo simulation in order to take into account the variability and memory of a fluvial system [nghton
1984] as it conlinually adjusts to controls.

Adjustinent to Controls

Throughout the fluvial system there are constraints, or controls, on materizl transport, which result
in some level of morphologic adjustment on the part of the river system, Such controls, or perturbations,
are either natural (e.g. tectonic, climatic) or anthropogenic (e.g. dams, levees, channel re-alignment,
gravel mining). As new perturbations are imposed, adjustments are made by the fluvial system, which
can radically change a river’s planform and cross-section. However, there has been no research effort at
creating a reach-integrated, basin-wide view of morphologic adjustment. The breadth of such a
perspective could facilitate the planning of testoration efforts in river systems in the context of widely
acknowledged, but rarely quantified, basin-scale cumulative effects.

I —01 4887
|-014887



Flood control planning and ecosystem rehabilitation both need to he based on understanding of the
history of river channel change and therefore of material flux regimes [ERP, Vol. 1, p. 79]. River channel
change resulis from a set of erosional and depositional processes by which a river adjusts to perturbations.
For example, when dams are installed, a river system gocs through a complex process of adjustment
[Schumm, 1981; Williams and Wolman, 1984; Xu, 1990] to changes in supply of water and sediment.
Moarphological adjustments to reservoirs are typilied by backwater effects and sediment deposition
upstream of the dam and by scour of bed material downsiream [Chien, 1985]. Mining within river basins
also contributes to complex responses in river systems. This can occur as a result of cxtra-valley-floor
mining, wherein sediment delivery from hillslope sources causes river width-depth ratios to incrcasc as
the systemn shifts from supply limited to transport limiled [Gilbert, 1917; James, 1991; Knighton, 1989|.

It un also occur as intra-valley lMoor mining, where extraction of riverbed or floodplain sediment can
cause bed elevations and width-depth ratios to decrease [Collins and Dunne, 1989, 1990], and can cause
channel migration as flow is deflected from in-stream gravel pits {Dunne and Leopold, 1978].
Channelization, or channel dredging and straightening for navigation or flood control, has effects similar
to those of intra-valley floor mining with the added tendency for acceleration of bank erosion and -
meandering [Neill and Yuremko, 1988] and piping of levees and dikes [Feldman, 1973; Laddish, 1997,
Olson et al., 1942, Schalk and Jacohson, 1997].

In all these cases morphological adjustments have been described by thelr resultant form
characteristics of cross-sectional channel geometry [Gregory and Park, 1974: Xu, 1996], bed material
sizes [Williams and Wolman, 1984], and longitudinal profile [Chien, 1985]. However, in the context of
complex niver response to perturbations [ERP, Vol 1, p. 13-14], attempts to explain the physical processes
associated with adjustments have relied upon qualitative assessments [Xu, 1990}, thus preventing their
accurate application in other localities with different spatial and temporal scales of material flux and
levels of disturbance. To provide a foundation for riverine ecosystem rehabilitation, we will construct a
process model of basin- and reach-scale channel and flondplain morphological adjustment Lhat is based on
assimilation of excellent historical empirical datasets collected within the Sacramento River basin, In
constructing our process model by assimilating data from various sources, we will build upon-the
information which conld be gleaned from any particulur dataset.

Employing this multi-scale, integrated modeling approach will provide understanding of the
process of river adjusiment in the context ol valley-floor evolution at the basin-scale and of
morpholegical change pertaining to habitat considerations on the reach-scale. The model will
complement on-going studies of sediment dynamics in the Bay-Delta [Dinehart, pers. comm] and of
channel shifting in the lower Sacramento [Larsen, pers. comm]. It will yield probubilistic statements of
morphological channei-tloodplain adjustment to regime variability and perturbations over a period of
decades. This knowledge would be useful not only in the restoration of large river basins, but in aiding
design of new river development projects. By addressing the problems of the Sacramento Bay-Delta with
an integrated, comprehensive approach of this kind the CALFED Bay-Delta Program could set the
international standard for restoration of large lowland river systems.
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TECHNICAL FEASIBILITY AND TIMING

We already possess much of the equipment with which to complete this project. Ourlaboratory at

UCSB is equipped with high speed NT PCs, a UNTX workstation, Arc/INFQ and other necessary
software, a digilizer, a Total Station, and a Differential Global Positioning System (GPS). The three-year
budget requests support for one Graduate Student Researcher, one laboratory assistant, purchase of aerial
photos, a laptop compulter for field use with our GPS, a digital camera for documenlting river reaches
digitally, a data storage disk for the high velume of necessary data, an auger, a river bottom sediment -
sampler, engineering software, and field travel expenses. '

The project will be conducted in two phases: 1) the empirical characterization phase and
1IN the modeling phase. Phase I will be conducted over the first year of the fanding period. The primary
tasks during this phase are data acquisition and empirical basin characterization. Subtasks include:
collection of ficld ground conlrol peints with GPS; registration and rectification of aeria! photographs;
digitizatien of historical Sacramento maps; grain size data collection, floodplain topographical
characterization, development of time series transfer functions, and correlation of historical hydrological
and sediment data with morphological change in the basin.

Phase II will be conducled during the second and hird vears of the funding peried. The primary
task is developing & coupled mulli-scale sediment rouling model. Sublasks include: conslrucling a
probability distribution of flood events; numerical modeling of total load sediment transport at both
scales; model validation using new river profiles; and field verification of modeling results.

We will travel Romania this summer to visit CALTFED’s European counterpart, the Romanian
governmen!’s Danube Delta Biosphere Reserve, in order to gain insight from its ongoing restoration
experience. The Danube project has begun restoration activities by breaching levees and dikes, thus
providing a field laboratory for studying morphological change associated with land-use change. By
visiting Danube restoration sites we will witness processes too complex to be modeled, as well as ithe

- unintended consequences of such a restoration effort on a spatial scale relevant to CALFED}. We have
long-established contacts with geomorphologists who study large tributaries of the Danube.

Tn additicin to official CALFED symposia, we will publicize our research effort annually at the
Fall Meeting of the American Geophysical Union and other relevant regional and international
conferences.
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DATA COLLECTION

For this study we arc compiling an excellent dataset for a large river basin study, In addidon to
streamflow and sediment concentration recerds, bedload data, topographic and other maps for the
Sacramento basin (USGS), we have been locating and collecting: engineering records; cross-sectional
geometrical surveys; aerial photographic coverage of the Sacramento basin [rom the 1920's to the present;
two foot vertical resolution Digital Elevation Models (DEMSs) of channel and contiguous floodplain
(USACE); special-mission NASA air photos documenting 1997 flooding; data on California storm
magnitudes and intensity from NOAA.

The long-term average suspended sediment load will be calculated using flow data and suspended
sediment samples (USGS) historically and presently collected. The suspended sediment data will be used
in conjunction with flow data to estimate time series transter functions. The bedload component of the
Sacramento River sediment budget will be calculated using measured bedload transport values (USGS)
and subtracting the fraction extracted by gravel mining and dredging per unit time (calculated from
indusiry data). Information on the sand-siil division in suspended sediment will be exiracted from USGS
records and used for model input. We will conduct boat surveys on the mainsten (from Sacramento to
Shasta Dam) of grain size distributions of each sediment slorage reservoir (i.e. lhe bed and banks) on a
reach-by-reach basis. We will collect bed samples with a grab sampler. Bank conditions will be recorded
by digital camera and by auger, georeferenced by GPS, and stored in a digital database. Texture of bank
sediment samples will be documented by sieving and hydrometry. Floodplain topography (Figure 2)
required for overbank sediment routing will also be assessed using a combination of field swvey and
DEMs from the USACE. i
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LOCAL INVOLVEMENT

As suggested in the Executive Summary we have confirmed that our proposcd study is
complementary W ongoing work and reseacch in the Bay-Delta. We have been communicating with
researchers and agency personnel who are currently working on the Sacramento River. We have made
contact with Randall Dinehart (UISGS) and Jeff Harris {UISACE), each of whom currently have studies
under way on the Sacramento River. We have also been conversing with Eric Larsen (UC Davis) who is
engaged on a channel shifting study in the lower Sacramento. We have also been collaborating with Jeff
Harris {USACE) and Larry Smith (CALFED-USGS) to obtain new and historical Sacramento River data
in order to build a model that utilizes the latest (echnology and that will be compatible with USACE and
USGS priorities.
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Prescribed by OMB Circular A-102
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SECTION € - NON FEDERAL RESOURCES

006V L 0—

{a) Grant Program (b) Applicant (c) State (d) Other Sources () TOTALS
B 5 $ $ $
9
10
1
12, TOTAL {sum cf lines & - 17) $ $ $ $
L ' SECTION D - FORCASTED CASH NEEDS . . I
Total for 1si Year 1st Quarer 2nd Quarter 3ra Quarter 4th Quarter
13. Federal $128,848 ‘$24,861 | 20,162 22,427 (" 61,399
14. Non Federal
$5. TOTAL (sum of lines 13 and 14)
SECTION E - BUDGET ESTIMATES OF FEDERAL FUNDS NEEBED FOR BALANCE OF THE PROJECT |
{a} Grant Frogram
(b} First {c} Second (d) Third (e} Fourth
16. CALFED Bay Delia Program $144,222 135,339
17
138
19
20. TOTAL {sum of lines 16-19)
' - SECTIGN F - GTHER BUDGET INFORMATION . _
21, Direct Charges: $122,531 22, Indirect Charges:  46% (provisicnal) Base Sum: $266,373
23. Remarks:

Standard Form 424A (Rev. 4-92) Page 2




Thomas Dunne

CALFED Bay-Delta Program

Univarsity of California, Santa Barbara
Donald Bran School of Environmental Sclencs & Managem’ent

DETAILED BUDGET

SALARIES
1. Principal Investigator - Thomas Dunne
Professor of Environmental Science & Managemant
a Summer menkns @ 1/ annual rate of
$144,007 1styr.
$151,302 2nd yr.
$158,867 3rdyr.
b. Acadamic period

2. Graduate Student Researcher - Il - Michasl Singer
Il 52,801 Jfmo. 1styr. academic

It S2.B01 Jrmo. 1styr. summar

I\ $3,088 /me. 2nd yr. academic

v $3,088 Jmoe. 2nd yr. sunmer

v/ $3.148 /mo. Ard yr. academic

v $3.14B /me. 3rd yr. summer

e a8ee

3. Lab Assistant | - TBD
@ $1,845 /mo. 1stwr,
@ $1.882 /mo. 2nd yr.
@ $1920 fmo. Srdyr.
FRINGE BENEFITS
1. Principal investigator - Thomas Dunne
Base Sur  $18,011 1styr. ©3.00%
$16,811 2nd yr. 3.00%
$17,662 3rd yr. 3.00%
2. - Graduale Student Rsearcher - Michasl Singer
Base Sum  $12,352 1styr. 1.40% (acad=mic)
' $8,403 1styr. 3.00% (summar)
$20,831 1styr. 1.40% {acadamic)
$9,258 2nd yr. 3.00% (summer)
$21,249 2nd yr. 1.40% (academic)
$9,444 2nd yr. 3.00% (summer}
FRINGE BENEFITS (cont'd)
3. Lab Assistant}- TBD
Base Sum  $22,140 1styr. 23.00%
$202,584 fstyr. ) 23.00%
$23.040 1styr. 23.00%

3, Graduate Student Haalth Insurance®

4, Graduats Student Fees (in-stats)

Period/mos. % Time

00% &

(O sk ok b
.
=
2
&

WD oW
-
L=
=
]
5

i2 100% &
12 100%
12 100%

Total Salarias

Benafits Subtolal $

I —01 4901

First Year  Second Wear Third Year Total
101798 10/1/00 10/1/01 10/1/99
8/30/00 /30/01 ©/30/02 830102

18,011 16,011
16,811 16,811

. 17,852 17,652

0 Q 0 0
12,352 12,352
8,403 8,403
20,831 20,831

4258 ] 9,258

21,249 21,249

0,444 9444

22140 22 140
22,584 22,584

23,040 23,040

58,906 69,484 71,385 189,775
480 480
504 504

530 530

173 173
252 252
202 202

278 278

297 297

283 203

5,002 5,002
5,194 5,194

5,268 5,209

813 213 813 2439
4122 4,122 4,122 12,366
10,032 11,203 11,344 33478

[-014901



EQUIPKMENT

1. Llaptep Computer $ 3,500 a 0 3,500
2. Digital Camera ’ 600 0 0 600
3. 9GB Hard Disk 800 0 ] 600
Equipment Subiotal § 4700 0 0 4,700
FIELD SUPPLIES
1. Airghotos, 200 @ $10.00 sach ’ $ 2000 0 a 2,000
2. Auger 3c0 0 0 300
3. Grab Sadiment Sampler 850 0 0 850
Supplies Subtotal & 3.250 ] 0 3.250
TRAVEL (increasing 5% pet yeat)
1, Field Campaign - 2 weeks boat renlal @ $250/ day years 1and 2,
40 days car rental @ $30/ day, per diem $100/ day 40 days, per ysar. 2 people § 12700 13,335 10,143 36,178
Travel Subtctal § 12,700 12,395 10,143 38,178
PUBLICATION COSTS (increasing 5% annually} 3 500 1,000 1,050 2,650
OTHER CIRECT COSTS (Increases @ 5%/yr)
1. Long-distance phone, photocopying, fax and project mailing $ 300 315 KE] 946
2. MicroStation SE software 2,500 2,500
3. Inroads software 2,500 2,500
$ 300 5318 N 5,946
Total Direct Costs 91,288 100,337 84 253 285 878
INDIRECT COSTS
On-campus rate*” of Modilied Total Direct Costs
Base Sum: 81,653 46.00% 1styr. £ 37560 37,560
85,402 46.00% 2nd yr, ) 43,885 43,885
89,318 46.00% 3rd yr. 41,086 41,088
266,373 Total Indireci Costs $ 37,560 43,885 41,088 122,531

TOTAL COSTS 128,848 144,222 136,336 408,409

TOTAL COST THREE YEARS § 408,409

* Suppliad to alf Teaching assistances and Graduate Studant researchers emplayad at 26% time or more
= This is the DHHS negotiated, predetermined, on-campus indirect cost rate for the period 7/1/97
through 6/30/C0. The rate thareaktar is provisional.
Madified Total Direct Costs includes lotal direct costs less Graduate Student Health Plar
Graduate Studenis Fees and eguisment

I —01 4902
|-014902



THOMAS DUNNE: CURRICULUM VITAE

Professor, Donald Bren School of Bnvironmental $cienee and Management, and Department of Geologicul Sciences,
4670 Physicul Sciences North, University of California, Santa Barbara, CA 93106

EDUCATION B.A. 1964 Cambridge Univ,, UK; Ph.D). 1969 Johns Hopkins Liniversity, (Geography)

HONORS Fulbright Scholar, 196:4; Rohert E. Horton Award, American CGeophysical Union, 1987; National Academy of
Sciences, | 988; Fellow, American Geophysical Union, 1989, Guggenheiin Fellowship, 1989; American Academy of Arts and
Sciences, 1993; Pellow, California Academy of Sciences, 1996; National Rescarch Couneil Wolman Distinguished Lecturer,
1997; National Acadeny of Sciences Warren Prize for Fluviatile Geology, 1998,

CURRENT RESEARCH INTERESTS
Hydrology, sediment transport, and sedimentation in valley floors
Field studies and modeling of river-basin sediment budgets.

Field and theoretical studies of drainage basin and hillslepe evolution

PUBLICATIONS (last 5 years)

T. Dunne, K. X Whipple, and B F. Aubry, Microtopography of hilislopes and the initiation of channels by Horton overland
flow, Tn: Evalving Concepts in Fluvial Geomerphology (ed. J.E. Costa), Americain Geophysical Union, Geophysical
Monograph, 1995.

1..A.K. Mcrtes, T.Dunne, and L.A Martinelli, Channel-floodplain geomorphology along the Solimdes-Amazon
River, Brazil, Geological Society of America Bulletin, 108, 1089-1507, 1994,

L.M. Reid and T. Dunne, Rapid Evaloation of Sediment Budgets; Geo-Ecology Texts, Catena Verlag, Reiskirchen
Germany, 164pp, 1996.

D. L Miller and T. Dunne, Topographic perturbations of regional stresses and consequent bedrock
fracturing: Journal of Geophysical Research Solid Earth, 101, B11, 25,523-25,336, 1996,

L. Benda and T. Dunne, Stochastic forcing of sediment supply to channel networks by landsliding and debris flow:

Water Resources Research, 33, 2R49-28673,1997.

1.. Benda and T. Dunne, Stochastic forcing of sediment storage and transport in chanael networks;
Water Resources Research, 33, 2863-2880, 1997,

I. Dunne, L.A.K. Mertes, R.H. Mcade, LE. Richey, and B R. Forsherg, Exchange of sediment between the channe
and floodplain of the Amazon River in Brazil, Geological Society of America Bulletin, 110, 450-467, 1598,

L. Benda, . J. Miller, T. Dunne, G.H. Recves, and K. Agee, Dynamic landscape systems: In: Ecology and

Munuagement of Streams and Rivers in the Pacific Northwest Ecoregion (edited by R. Naiman and
R. Bilby), Springer Verlag, New York, 1998,
T. Nunne, Hydrologic science. ... on aplanet... in landscapes. .. in the future, In Hydrologic Science:
Taking Stock and Looking Forward, National Academy Press, Washington DC, pp, 10-43,1998.
. Dunne, Critical data requirements for prediction of erosicn and sedimentation in mountain drainage basins,
Jour. American Water Resources Association, 34, 795-808, 1998. ‘
Eilscnbeer, H., B. E. Newton, 7. M. de Moraes, and T. Dunne, A survey of soil hydraulic propertics and
their implications for runoff generation uniler diffcrent vegelalion covers in Ronddnia, Brazil, Hydreologic
Processes, 1999,

OTHER RELEYANT FIJBLICATIONS

T. Dunne and L. B. Leapold, Water in Environmental Plunning, W. H. Freeman Co., San Francisco, 818 pp., 1978,

W_T. Dietrich, J. D. Smith, and T. Dunne, Flow and sediment transpott in 2 sandbedded mesander, Journal of Geology, 87,
305-315, 1979,

W. L. Dietrich, ‘I, Dunnc, N. F. Humphrey and L. M. Reid, Construction of sediment budgels [or drainage basins, Sediment
Budgets and Routing in Forested Drainage Basiny, U.S. Forest Service General Technical Report PNW-141,
Pacific Northwest Foresl und Range Expt. Sta., 5-23, 1982, .

T. Dunne Vitae 1
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W. E. Dietrich, . D. Smith, and T. Dunne, Boundary shear stress, sediment transport, and bed morphulegy in 4 sund-bedded
meander during high and low flow. In: River Meandering, Amer. Soc. Civil Engingers, 632-639, 1984

R. H. Meade, 'I'. Dunic, ¢t al., Storage and remobilization of suspended sediment in the Lower Amazon River of Brazil,
Science, 228, 488-490, 19¥5,

T, Dunne, Geamorphological conutbutions to flood-control planning: In Flood Geomorphology (Eds. V. R. Baker, R. C.
Kochel, and I*. C. Patton), Wiley & Sons, NY, 421-438, 1988, -

B. D. Collins and . Bunne, Cravel transport, gravel harvesting, and channel-bed degradation in rivers draining the Southern
QOlympic Mountains, Washington, USA, Environmental Geology and Water Science, 13, 213-224, 1280,

I E. Rickey. L. A, K. Mertes, T. Dunne, and five others!, Sources and routing of the Amazen River floodwave; Global
Biogeachemical Cycles; 3, 191-204, 1989.

B. D. Collins and T. Dunne, Fluvial Geomorphology and River-gravel Mining, Spec. Pob. 98, D1\f131on of Mines and
Geology, California Department of Conscrvation, 29 p., 1990,

COMMITTEE REPORTS

Alluvial fan flooding: definition and criteria, U.8. National Research Council, {with other members of the Commiitee on
Alluvial Fan Flooding, 1996.

The Hidrovia Paraguay-Parani Navigation Project: Report of an Independent Review, by T, Dunne, J. Melack, B. Melia,
). Pag, 8. J. Paggi, T. Panayotou, H. Rattner, E. Salati, 1. Klabin, T, Scudder, and M. Clemens. Environmental defense Fund,
Washington, DC, 214 p., 1997.

Themas Dunne is a Professor of Environmental Science and Management, and of Geologicul Sciences. a1 the
University of California Santa Barbara. He conducts. field and theoretical studies of drainage-basin, hillslope, and fluvial
geomporphology, and in the application of hydrology and geomerphology to landscape management and hazard analysis.

While working for the USDA Agricultural Research Service (1966-1969} and MeGill University (1971-1973), he
conducted research on the effcels of topography, soil characteristics, and vegetation on runoff processes under rainfall and
snowmelt in Vermont and Canada. While teaching at the University of Nairobi (1969-1971), he initiated a Jong-running re-
search interest in African envirenments, including experimental studies of runoff and erosion processes, and statistical studies
and field surveys of the effects of land vse on hillslope erosion and river-basin sediment yields. He alse conducted oceasional
studies of rescrvoir sedimentation, wuter guality, and erosion due 1o charcoal production and grazing. This work, between 1969
and 1991, was supported by foundations, the United Nations, US and Kcnya agencics.

While teaching in the Department of Geological Sciences at the University of Washingtan (1973-1995), he swdied
tandsliding and debriz flows; drainage-basin sediment budgets in natural and maunuged Forests; tephra erosion and debris-flow
sedimentation on active volcanoces; and sédiment ansport and channel morphology in sand-bed and gravel-bed river channcls,
He also conducted several studies related to resource manasgement, such as the impacts of gravel harvesting an the river-channel
scdimentation and morphology; impacts of timber harvest on erosion and secimentation; and effects of flow diversion and
reservoll management on sedimeniation.

Hc now leads an I[nlerdisciplinary Science Team, palnclpalmg in the NASA Tarth Ohserving System, (hat studics
hydrology, sedimentation, biogeochemisiry, and cnvironmental change in the Amuzon River Basin of lowland Brazil and the
Andes Range of Bolivia, The work has been funded by NASA, NSF, and the US Geological Survey. His particular seientific
tole in the project invalves: field measurements of soil properties, runoff and erosion processes on hillglope scales; sediment
transport and floodplain sedimentation, and modeling of sireamflow and sedimentation theoughout the whole basin employing
data from ground neiworks and satcllites.

He has gained experience of geomorphic and hydrologic processes related to dt.vdupmcm plOJECtS through research
and consultancies in many parts of the world, and has expressed some of that experience -in teachmg courses, advising
government a;,em.leb, writing papers, and co-authoring two textbooks.

T. Dunne Vitae 2
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